Amorphous hydrogenated carbon (a-C:H) f i l m s were d e p o s i t e d on s i l i c o n and q u a r t z s u b s t r a t e s by a 30 kHz plasma d i s c h a r g e t e c h n i q u e u s i n g methane.
INTRODUCTION

Rapid thermal p r o c e s s i n g i s an emerging technology. I t has s e v e r a l a p p l i c a t i o n s i n e l e c t r o n i c m a t e r i a l s [1,2] m o s t l y a t r e l a t i v e l y h i g h tempera t u r e s (>lo0 "C). However, i n many cases, p r o c e s s i n g a t temperatures below
600
s . T h i s i s , t o our knowledge, t h e f i r s t r e p o r t o f a s t u d y o f t h e e f f e c t s o f a c'ombination o f t i m e and temperature on t h e p r o p e r t i e s o f a-C:H f i l m s . Most o f t h e c h a r a c t e r i z a t i o n has been done u s i n g o p t i c a l a b s o r p t i o n i n t h e v i
t h e r m a l p r o c e s s i n g may be r e q u i r e d . One such a p p l i c a t i o n i s i n 111-V semic o n d u c t i n g e l e c t r o n i c m a t e r i a l s , where a-C:H f i l m s show p r o m i s i n g r e s u l t s I n t h i s study we w i l l p r e s e n t t h e e f f e c t s o f r a p i d t h e r m a l p r o c e s s i n g
L6.71.
EXPERIMENTAL
Samples were prepared on q u a r t z and S i s u b s t r a t e s u s i n g a 30 kHz plasma d e p o s i t i o n u n i t . Measurements o f the f i l m p r o p e r t i e s were done u s i n g a U V -V i s spectrometer and a r o t a t i n g a n a l y z e r e l l i p s o m e t e r . D e t a i l s o f t h e p r e p a r a t i o n and c h a r a c t e r i z a t i o n techniques were r e p o r t e d elsewhere [ 8 ] and w i l l n o t be repeated here. The only change i n t h e c h a r a c t e r i z a t i o n techn i q u e was t h e use o f a Xe lamp as l i g h t source f o r t h e e l l i p s o m e t e r , i n s t e a d o f t h e Hg lamp. We used a 4200 A c u t o f f f i l t e r t o e l i m i n a t e h i g h energy s t r a y l i g h t f o r measurements above t h i s wavelength.
The r a p i d h e a t i n g module [9] has a r e c t a n g u l a r q u a r t z chamber, 5 i n . wide, 8.5 i n . long, and 1 i n . h i g h . I t i s heated by a microprocessor cont r o l l e d bank o f 1 . 5 k W t u n g s t e n halogen lamps, w i t h seven lamps on t o p and six on the bottom. Two mass flow controllers were used to control the processing gas. We used dry nitrogen gas with flow rates of order two liter/ minute. The sample holder i s a 3 in. quartz rlng on which we placed a S i wafer. To enhance light absorption, the S i wafer was coated with 200 A Ta followed by 3000 A Au. ing the metallic coating. The temperature was measured by a type K thermocouple in contact with the bottom of the S i wafer. one-half inch of contact between the two. A typical 600 "C heating cycle i s shown in Fig. 1 . We have carefully avoided temperature overshoot. The heating rate was of order 40 "C/sec for 600 "C processing, with lower values . for lower temperatures. For long processing times (1 min. or more), temperature oscillations of order +-5 "C were observed. Samples were processed with both the film pointing upward and downward. The heating current used for processing quartz or S i substrates were different, as the quartz plate has much more heat capacity than the S i substrate. 
RESULTS
The samples used in this study were prepared in two deposition runs. Both runs were nominally equal, using 150 W, 70 sccm flow rate methane plasma (corresponding to 315 mrn). Absorption in the UV-visible range was measured on quartz substrates. Absorbance versus wavelength for samples processed 20 A comparison was performed f o r samples processed w i t h t h e f i l m p o i n t i n g upward o r downward. peak a t -2000 A was markedly reduced versus t h e f i l m s p o i n t i n g down, e s p e c i a l l y f o r l o n g p r o c e s s i n g times and h i g h temperatures.
40 p e r c e n t r e d u c t i o n f o r 300 sec a t 500 "C.)
However, t h e o p t i c a l bandgap Eo was unchanged t o w i t h i n b e t t e r than 1 p e r c e n t . We a t t r i b u t e t h i s l a r g e r e d u c t i o n i n absorbance t o a r e d u c t i o n i n f i l m t h i c k n e s s . T h i s f a c t i s p r o b a b l y due t o small amounts of oxygen p r e s e n t i n t h e p r o c e s s i n g gas.
We found t h a t f o r f i l m s p o i n t i n g up, t h e absorbance (Up t o DISCUSSION The main r e s u l t o b t a i n e d i n t h i s work i s shown i n F i g . 4. The main p a r t o f t h e r e d u c t i o n i n t h e o p t i c a l bandgap i s o b t a i n e d a t s h o r t t i m e s .
T h i s f a c t can a l s o be deduced by the r e s u l t o b t a i n e d by l a s e r a n n e a l i n g [12] , when p r o c e s s i n g t i m e i s much s h o r t e r t h a n t h o s e r e p o r t e d here. However, t h e r e i s a d e f i n i t e i n c r e a s e i n a b s o r p t i o n ( F i g . 2) and decrease i n bandgap ( F i g . 4) f o r i n c r e a s i n g processing times o f o r d e r 102-103 sec. The mechanism i n v o l v e d should be a two-step process. There i s known t o be a two-stage p y r o l y s i s o f o r g a n i c m a t e r i a l i n t o g r a p h i t e [13] f o r temperat u r e s i n t h i s range, namely c a r b o n i z a t i o n and p o l y m e r i z a t i o n . C a r b o n i z a t i o n s t a g e i n c l u d e s l o s s o f v o l a t i l e matter, which we i d e n t i f y w i t h hydrogen l o s s i n t h i s case [14] .
This stage occurs i n t h e temperature range 400 t o 600 O C i n a-C:H.
P o l y m e r i z a t i o n stage i n c l u d e s t h e f o r m a t i o n o f g r a p h i t i c c r y s t a l -!!tes o r sheets. If we assume t h a t t h e pn!yrner!zat!on !r a d i f f u s i n n dependent process w i t h r e l a t i v e l y long t i m e c o n s t a n t ( o f o r d e r l o 3 sec),
t h e n we can deduce t h a t t h e two processes o f c a r b o n i z a t i o n and p o l y m e r i z at i o n occur s i m u l t a n e o u s l y i n our f i l m s .
versus t i m e a t v e r y s h o r t processing t i m e i s due t o t h e hydrogen l o s s , w h i l e t h e subsequent decrease i n More work i s r e q u i r e d t o check t h e v a l i d i t y o f t h i s assumption. a decrease i n peak h e i g h t and a s h i f t i n t h e peak p o s i t i o n . The s h i f t has
been observed e a r l i e r [ 1 4 ] and shows changes i n t h e carbon bonding. The decrease i n peak h e i g h t i s a t t r i b u t e d m o s t l y t o l o s s o f m a t e r i a l i n t h i s case, as i t i s o p p o s i t e t o t h e r e s u l t s o b t a i n e d a t 400 O C by us and t o publ i s h e d r e s u l t s [14] .
have been r e p l a c e d by S i ( F i g s . 4 and 5 ) , a l t h o u g h t h e samples were prepared i n t h e same d e p o s i t i o n r u n . The main reason i s t h e f a c t t h a t S i i s a cond u c t o r w'tth r e s i s t i v i t y o f o r d e r 0.01 Rcm, w h i l e q u a r t z i s an i n s u l a t o r . A s a r e s u l t , t h e plasma above t h e s u b s t r a t e s , and subsequently t h e f i l m s , a r e d i f f e r e n t i n each case.
The a b r u p t decrease o f t h e bandgap i s due t o i n c r e a s e i n c l u s t e r s i z e [13] .
Eo
The absorbance A versus wavelength A p l o t a t 600 "C ( F i g . 2) shows A l a r g e decrease i n bandgap has been observed when q u a r t z s u b s t r a t e s
The e l l i p s o m e t r i c r e s u l t s on f i l m s processed f o r 20 sec p a r t i a l l y reproduce the r e s u l t s o b t a i n e d e a r l i e r [ 1 5 ] f o r 1 h r annealed f i l m s . For t h e 600 O C f i l m , we found i n c r e a s e d r e f r a c t i v e i n d i c e s a t low e n e r g i e s and i n c r e a s e d d e n s i t y o f s t a t e s parameter B versus t h e r e f e r e n c e f i l m ( T a b l e I). However, t h e 400 O C f i l m shows a decrease i n t h e r e f r a c t i v e i n d e x and s l i g h t i n c r e a s e i n t h i c k n e s s , w h i l e t h e parameter same. T h i s f a c t may be e x p l a i n e d by mechanical changes i n t h e f i l m as t h e v o l a t i l e gas I s e x p e l l e d , and v o i d s a r e l e f t behind. 
